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SUMMARY 

Acoustic  attenuation  measurements  have  been  made  on  three  pairs  of  earmuffs  includ¬ 
ing  samples  of  alternatives  to  the  B2  production  shells  used  on  the  Mk  4  flight  helmet, 
using  both  the  objective  and  semi-objective  methods  of  test.  In  addition,  an  example  of 
the  B2  production  earmuffs  was  also  tested. 

The  differences  between  the  results  are  discussed  with  reference  to  the  relative 
merits  of  the  earmuffs  and  the  reliability  of  the  test  methods. 
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INTRODUCTION 


A  continuing  interest  of  the  Human  Engineering  Division  is  in  the  improvement  of 
methods  of  reducing  noise  levels  at  the  ears  of  aircrew  since  high  noise  levels  reduce 
speech  intelligibility,  mask  warning  signals  and  audio  cues  and  generally  degrade  aircrew 
performance . 

This  Memorandum  describes  the  results  of  objective  and  seroi-ob jective  acoustic 
attenuation  measurements  made  on  alternative  forms  of  earmuff  assembly  intended  for  the 
Mk  4  flight  helmet  which  have  recently  become  available  for  comparison  with  current  ear- 
muffs,  an  example  of  which  was  also  included. 

The  method  of  measuring  the  attenuation  provided  by  earmuffs  has  been  discussed  in 

2  .  , 

detail  in  Ref  1 ,  and  a  previous  Memorandum  describes  similar  tests  performed  on  other 
experimental  earmuffs,  which  were  also  intended  as  alternatives  to  the  current  Mk  4 
flight  helmet  earmuffs. 

Differences  between  the  data  are  discussed  and  conclusions  drawn  concerning  the 
relative  merits  of  the  various  earmuffs. 

2  EQUIPMENT  AND  EXPERIMENTAL  METHOD 


The  apparatus  and  methods  used  were  very  similar  to  those  used  in  previous  tests 
and  described  in  detail  in  Ref  2.  Therefore,  only  a  brief  summary  will  be  given  here, 
except  where  there  were  substantial  differences  in  either  apparatus  or  method. 

2.1  Noise  generation  and  fields 


The  noise  fields  used  during  this  work  were  generated  using  the  arrangement  and 

equipment  shown  in  Fig  1.  The  positioning  of  the  loudspeakers  in  the  semi-reverberant 

room  was  such  as  to  produce  the  necessary  diffusity  of  the  noise  field  within  a  cube  of 

30cm  side  at  the  centre  of  the  room. 

2  .  . 

As  m  previous  tests  ,  pink  noise  was  used  for  the  objective  tests  whilst  the  field 

was  raised  at  high  frequencies  for  the  semi-objective  tests  in  order  for  the  analysis 

equipment  to  cope  with  the  wide  dynamic  range  of  occluded  spectra. 

Care  was  taken  to  assure  the  protection  of  the  hearing  of  subjects.  The  A-weighted 

level  of  the  sound  field  was  97  dB(A)  lasting  for  approximately  15  minutes.  Calculation 

shows  this  to  be  approximately  equivalent  to  82  dB(A)  for  8  hours,  well  within  the  maxi- 
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mum  recommended  industrial  noise  dose  of  90  dB(A)  for  8  hours  over  a  working  lifetime  . 
2.2  Noise  measurement  and  analysis  equipment 


Measurements  of  the  noise  fields  during  the  objective  tests  were  made  using  the 
Bruel  and  Kjaer  Type  4153  Artificial  Ear  mounted  in  a  heavy  metal  casing  and  placed  upon 
a  vibration  isolation  structure  in  the  semi-reverberant  room  so  that  the  microphone 
cartridge  of  the  Artificial  Ear  was  located  at  the  centre  of  the  30cm  cube  mentioned  in 
section  2.1.  A  full  description  is  given  in  Ref  2. 
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During  the  semi-ob ject i ve  tests,  measurements  of  the  noise  field  reaching  the  sub¬ 
jects*  ears  were  made  using  Knowles  Type  BT  1759  electret  microphones.  One  microphone 
w as  fitted  to  each  ear  at  the  entrance  to  the  ear  canal  and  a  flat  lead,  to  minimise  ear- 
shell  leakage,  fed  the  signal  to  the  analysis  equipment. 

Analysis  of  all  signals  was  performed  using  a  Bruel  and  Kjaer  Type  2131  Digital 
Frequency  Analyser,  remotely  controlled  by  a  Hewlett-Packard  Type  9825A  desktop  computer, 

2 . 3  The  earmuffs 

The  following  three  pairs  of  earmuffs  were  used  in  the  tests: 

Type  A  -  polyester  glass  compound  shells,  with  flanges 

Type  B  -  dough  moulded  compound,  without  flanges 

Type  C  -  B2  production  shells  (Mk  4  helmet). 

All  types  were  fitted  with  foam-filled  seals  and  incorporated  telephones.  These 
seals  have  two  small  holes  in  the  skin,  located  at  each  end  of  the  major  axis  and  facing 
the  flanges  of  the  earshells  to  allow  air  to  escape  from  or  enter  the  seals  during 
changes  of  altitude  or  seal  compression.  However,  it  has  been  found  that  when  the  ear- 
muffs  are  placed  on  the  Artificial  Ear,  the  holes  are  occluded  which  prevents  venting  of 
the  seal.  In  previous  tests'"  earmuffs  had  to  be  tested  10  minutes  after  fitting  to  the 
Artificial  Ear  in  order  for  changes  of  seal  geometry  to  stabilise  and  have  minimal  influ¬ 
ence  on  low  frequency  earmuff  attenuation.  However,  when  two  holes  were  made  in  the 
outer  skin  of  the  material  containing  the  foam,  at  either  end  of  the  major  axis,  attenua¬ 
tion  measurements  could  be  made  immediately  without  any  noticeable  effect  on  the  attenua¬ 
tion  spectra. 

Accordingly,  all  earmuffs  tested  here  had  two  small  holes  made  in  the  outer  skin  of 
the  foam-filled  seals  at  either  end  of  the  major  axis,  so  that  attenuation  measurements 
could  be  made  immediately  after  fitting  the  earmuffs  to  the  Artificial  Ear, 

For  the  objective  tests,  each  earmuff  in  turn  was  positioned  centrally  upon  the 
mounting  plate  of  tlu*  Artificial  Ear  and  a  Ikgf  spring  load  applied^.  For  the  semi¬ 
objective  tests,  pairs  of  earmuffs  were  mounted  in  an  auxiliary  headband  in  the  same 
manner  as  described  in  Kef  2.  In  this  reference  it  was  suggested  that  an  investigation 
into  the  method  of  mounting  the  earmuffs  in  the  headband  should  be  undertaken  to  provide 
a  reliable  method  of  assessing  helmet  earmuffs  without  the  wearing  of  flight  helmets. 
Subsequent  experiments  provided  this  information  and  an  account  of  this  investigation 
will  he  found  in  the  Appendix.  The  results  demonstrated  the  validity  of  measurements  of 
earmuff  attenuation  made  using  the  auxiliary  headband. 

2 • *  Sub jec ts 

Seventeen  subjects  were  used  for  the  semi-ob ject i ve  tests,  although  the  precise 
numbers  tested  with  each  pair  of  earmuffs  varied.  Seventeen  were  tested  with  types  A 
and  B,  while  12  were  tested  with  type  C.  All  were  drawn  from  operational  aircrew  at  RAF 
Honnington  and  had  short  haircuts  and  were  clean-shaven. 
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2 . 5  Procedure 

In  all  cases,  the  attenuation  was  calculated  by  the  insertion  loss  technique,  this 
being  the  difference  in  dB  between  the  unoccluded  and  occluded  spectra. 

2.5. 1  Isolation  of  the  Artificial  Ear 

Before  any  attenuation  measurements  of  earrauffs  could  be  made  using  the  Artificial 
Ear,  it  was  necessary  to  know  that  the  acoustic  isolation  of  the  device  was  sufficient  to 
ensure  that  the  attenuation  spectra  measured  were  not  contaminated  due  to  leakage  of 
noise  through  the  device.  Accordingly,  ail  potential  sources  of  leakage  in  the  device 
were  sealed  and  isolation  was  measured  by  occluding  the  microphone  cartridge  of  the 
Artificial  Ear  with  a  thick-walled  brass  cup,  shown  in  section  in  Fig  2. 

The  Artificial  Ear  was  placed  upon  the  structure  described  in  section  2.2  and  the 
noise  field  given  in  section  2.1  was  used.  Four  unoccluded  spectra,  each  determined 
using  a  linear  averaging  time  of  8  seconds,  were  measured  and  the  average  computed.  The 
brass  cup  was  then  placed  centrally  over  the  microphone  cartridge  and  ’ringed*  into  posi¬ 
tion  with  a  thin  layer  of  silicon  grease.  Grease  was  simpler  to  use  than  the  thin  layer 
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of  plasticine  used  previous ly^ .  An  identical  noise  field  was  generated  and  the  average 
of  four,  8  second,  occluded  spectra  was  computed. 

2.5.2  Objective  tests 

The  noise  field  described  in  section  2.1  was  generated  and  the  average  of  four, 

8  second,  unoccluded  spectra  computed.  The  first  earmuff  to  be  tested  was  then  fitted 
to  the  Artificial  Ear  and  a  lkgf  spring  load  applied.  The  identical  noise  field  was 
generated  and  the  occluded  spectrum  calculated.  This  procedure  was  repeated  for  each 
earmuff  in  turn  and  each  earmuff  was  tested  five  times. 

2.5.3  Semi-objective  tests 

Each  subject  was  fitted  with  a  Knowles  Type  BT  1759  electret  microphone  at  each 
ear,  seated  with  his  head  at  the  centre  of  the  noise  room,  exposed  to  the  noise  field 
described  in  section  2,1  and  the  unoccluded  spectrum  at  each  ear  measured. 

The  first  pair  of  earmuffs  to  be  tested  were  then  fitted  to  the  subject,  care  being 
taken  to  ensure  a  good  fit  and  that  the  flat  microphone  lead  produced  minimal  leakage. 

The  noise  field  was  regenerated  and  the  subject  adjusted  the  fit  of  the  earmuffs  so  that 
the  noise  reaching  his  ears  was  a  minimum  (as  previously  instructed)  and  when  the  subject 
was  satisfied  with  the  fit  of  the  earmuffs,  the  occluded  spectrum  at  each  ear  was 
measured.  This  procedure  was  repeated  for  all  three  pairs  of  earmuffs  in  turn.  On  a 
final  test  run,  the  unoccluded  spectrum  at  each  ear  was  re-measured  for  purposes  of 
ensuring  that  the  noise  field  had  not  changed  during  the  course  of  the  experiment.  In 
all  cases,  the  noise  field  remained  constant  with  time.  Accordingly,  the  mean  of  the 
two  unoccluded  spectra  for  each  subject  was  used  in  calculations  of  earmuff  attenuation. 
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3  RESULTS 

3. 1  Isolation  of  the  Artificial  Ear 

Fig  3  shows  the  1/3  octave  band  isolation  of  the  Artificial  Ear.  In  all  1/3  octave 
bands,  the  isolation  sufficiently  exceeds  (10  dB)  expected  values  of  objectively  measured 
attenuation.  On  this  basis,  a  series  of  objective  measurements  were  performed,  the 
results  of  which  are  described  in  section  3.2. 

3. 2  Objective  tests 

The  mean  attenuation  curves  obtained  from  five  measurements  on  each  earmuff  are 
shown  in  Figs  A  to  6  together  with  the  associated  standard  deviations.  Fig  7  shows  the 
mean  and  standard  deviation  for  each  type  of  earmuff  and  Fig  8  shows  a  comparison  between 
the  data  obtained  here  for  the  type  C  earmuffs  with  those  obtained  approximately  7  months 
previously  for  the  same  pair  of  earmuffs  and  reported  in  Ref  2.  The  following  points  may 
be  observed  from  the  figures: 

(i)  For  the  type  C  earmuffs,  there  is  generally  good  agreement  between  the  data 
obtained  in  this  experiment  and  those  obtained  previously,  although  a  2-tailed  Students 
t-test  revealed  significant  differences  at  four  frequencies  (800,  2500,  3150  and  6300  Hz) 
at  the  l Z  level  of  significance. 

(ii)  For  all  types,  the  attenuation  of  the  two  muffs  of  each  pair  are  in  good 
agreemen  t • 

(iii)  All  earmuffs  exhibit  a  resonance  in  the  region  of  250-400  Hz,  although  the 
effect  is  most  pronounced  for  the  type  C  earmuffs. 

(iv)  Earmuffs  types  A  and  C  exhibit  approximately  5  dB  more  attenuation  than 
type  B  at  frequencies  up  to  250  Hz.  From  315-400  Hz,  type  A  is  some  5dB  higher  than 
type  B  which  in  turn  is  5-10  dB  higher  than  type  C.  Above  1000  Hz  the  situation  becomes 
confused,  although  the  three  levels  are  within  5-6  dB  of  each  other  except  in  the 

1.25  to  1 ,6kHz  bands  where  the  differences  are  spread  over  10  dB. 

The  two  main  findings  of  the  objective  tests  are  that  the  type  B  earmuffs  have  some 

5dB  less  attenuation  at  low  frequencies  (up  to  250  Hz)  than  either  of  the  other  types  of 

mutt  and  that  while  all  types  exhibit  a  resonance  in  the  region  of  250-400  Hz,  the  effect 
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is  most  pronounced  for  the  type  C  muffs.  As  has  been  suggested  previously  ,  this 
resonance  probably  arises  from  an  interaction  between  the  stiffness  constants  of  the 
enclosed  volume  of  air  inside  the  earmuffs  and  the  stiffness  constants  of  the  cushion, 

3.  3  Semi -ob j ec t i ve  tests 

The  mean  attenuation  curves  for  each  earmuff  together  with  standard  deviations  are 
shown  in  Figs  9  to  II.  Fig  12  shows  the  comparison  between  each  earmuff  type  and  Fig  13 

«  ompares  the  data  obtained  here  for  the  type  C  earmuffs  (12  subjects)  with  those  obtained 
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previous  (15  subjects)*'  for  the  same  pair  of  earmuffs.  The  following  points  may  be 
observed  from  the  figures: 
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(i)  For  the  type  C  earmuffs,  there  is  close  agreement  between  the  data  obtained 
here  and  those  obtained  previously.  A  2-tailed  Students  t-test  failed  to  reveal  any 
significant  differences  between  the  two  sets  of  data  at  any  test  frequency,  at  the  1% 
level  of  significance. 

(ii)  There  is  close  agreement  between  the  attenuation  spectra  obtained  for  the 
two  muffs  of  each  pair  for  all  types. 

(iii)  At  all  frequencies  up  to  3150  Hz,  the  type  A  earmuffs  show  s ignif icant ly 
greater  values  of  attenuation  than  either  of  the  other  types.  A  2-tailed  Students  t-test 
showed  these  differences  to  be  significant  at  the  1%  level.  Up  to  500  Hz,  the  attenua¬ 
tion  of  types  B  and  C  are  in  close  agreement.  In  the  800-3150Hz  frequency  band,  type  C*s 
attenuation  is  some  7-8  dB  lower  than  that  of  type  B's  which  in  turn  is  7-8  dB  lower  than 
that  of  type  A.  These  differences  are  s tatistical ly  significant  at  the  )%  level. 

(iv)  These  curves  are  quite  different  from  those  obtained  in  the  objective  tests, 
across  the  entire  frequency  range. 

4  DISCUSSION 

The  results  of  both  the  objective  and  semi-objective  tests  demonstrated  good  agree¬ 
ment  between  the  attenuation  spectra  for  earmuffs  type  C  measured  in  this  experiment  with 
those  obtained  approximately  7  months  previously  for  the  same  pair  of  earmuffs.  Although 
statistical  tests  revealed  significant  differences  between  the  objective  test  results  at 
four  frequencies,  these  data  support  earlier  assumptions  regarding  the  reliability  of  the 
two  test  methods. 

The  objective  tests  revealed  that  all  the  earmuffs  tested  exhibited  a  resonance  in 
the  region  of  250-400  Hz,  although  the  effect  was  most  marked  for  the  type  C  earmuffs. 
Previous  tests  have  shown  that  these  resonances  disappear  when  the  foam-filled  seals  are 
replaced  with  a  thin  layer  of  plasticine,  without  lowering  the  attenuation,  which  indi¬ 
cates,  as  theory  predicts,  the  importance  of  a  good  match  between  seal  and  earshell  to 
provide  a  resonance-free  earmuff. 

The  semi-objective  tests  indicated  an  overall  lowering  of  attenuation  relative  to 
the  objective  test  findings,  and  no  obvious  evidence  of  the  resonance.  Over  the  majority 
of  the  frequency  range,  the  attenuation  of  the  type  A  earmuffs  was  significantly  greater 
than  that  of  the  other  types. 

5  CONCLUSIONS 

The  first  clear  result  obtained  in  this  experiment  is  that,  as  previously  shown, 

the  objective  test  method  generated  data  that  are  substantially  different  from  those  data 

obtained  using  the  semi-objective  test  method.  However,  semi-objective  data  correlate 

4 

well  with  data  obtained  using  the  standardised  Real  Ear  at  Threshold  method  ,  except  in 
the  lower  frequency  bands,  and  may  be  viewed  as  providing  a  valid  measure  of 
attenuation^,  Additionally,  the  data  obtained  both  here  and  previously  for  the  type  C 
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earmuffs  support  earlier  assumptions  regarding  the  repeatability  and  reliability  of  both 
the  objective  and  semi-objec t ive  test  methods. 

The  semi-objective  tests  indicated  that  the  performance  of  the  type  A  earmuffs  was 
superior  to  that  of  the  other  types  at  low  and  mid  frequencies. 
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Appendix 

TEST  OF  AN  EXPERIMENTAL  HEADBAND  FOR  USE  IN  THE  MEASUREMENT  OF  THE 
ATTENUATION  OF  FLIGHT  HELMET  EARMUFFS 

A.  I  Ini roJue t  ion 

Recently,  improved  earmuff  assemblies  intended  for  flight  helmets  have  become 
available  for  comparison  with  current  types  of  earmuffs.  In  subjective  or  semi-objective 
testing,  considerable  time  is  required  to  fit  the  earmuffs  to  the  helmet  and  the  helmet 
to  the  subjects.  A  need  has  therefore  arisen,  due  to  the  large  number  of  earmuffs 
requiring  to  be  tested,  for  a  series  of  rapid,  comparative  attenuation  measurements. 

Accordingly,  an  experimental  headband  system  with  a  modified  earshell  support  sys¬ 
tem  has  been  constructed  at  RAE  which  enables  earmuffs  to  be  held  in  place  on  subjects* 
heads  without  the  helmet  having  to  be  worn. 

As  stated  in  section  2.3,  there  is  some  doubt  as  to  whether  attenuation  measure¬ 
ments  made  using  this  headband  produce  data  that  agree  with  those  which  would  be  obtained 
using  the  same  headband  but  with  a  different  earshell  support  system.  As  a  first  step, 
an  assessment  of  the  validity  of  data  measured  using  the  experimental  headband  was  made 
for  a  pair  of  commercially  available  hearing  protector  earmuffs  which  are  supplied  with 
their  own  headband.  The  attenuation  provided  by  these  earmuffs  was  measured  when  they 
were  mounted  both  in  the  experimental  headband  and  their  own  headband. 

A . 2  Equipment  and  method  of  test 

The  noise  field,  equipment  and  semi-objective  method  of  test  used  were  identical  to 
those  used  for  the  main  experiment  and  described  in  sections  2.1,  2.2  and  2,5. 

One  pair  of  commercially  available  hearing  protector  earmuffs  (Amplivox  Sonogard) 
was  used  together  with  its  associated  headband.  For  each  test  the  earmuffs  were  mounted 
either  in  this  headband  or  in  the  experimental  headband.  The  latter  device  is  described 
in  detail  in  Ref  2. 

Fifteen  subjects  were  used  in  this  experiment,  12  males  and  three  females,  drawn 
from  the  research  staff  of  RAE.  The  thickness  and  length  of  hair  varied  from  one  subject 
to  a  no  tlicr. 

Measurements  of  the  attenuation  provided  by  the  earmuffs  were  made  when  they  were 
mounted  both  on  their  own  headband  and  on  the  experimental  headband. 

A . 3  Results  and  discussion 

The  mean  attenuation  spectra  obtained  from  the  15  subjects  for  each  earmuff  on  the 
standard  headband  are  shown  in  Fig  Al  together  with  the  standard  deviations.  Fig  A2 
shows  the*  t orresponding  results  for  the  experimental  headband.  It  can  be  seen  that  there 
is  very  dose  agreement  between  the  results  obtained  for  the  left  and  right  earmuffs 
using  either  headband.  Fig  A3  shows  a  comparison  between  the  mean  attenuation  spectra 
obtained  ((sing  the  two  headbands.  Two-tailed  Students  t-tests  performed  on  these  data 
tailed  to  reveal  any  significant  differences  between  the  mean  attenuation  spectra  at  the 
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1  "  level  of  significance.  It  should  however  bo  noted  that  over  the  majority  of  the  fre¬ 
quency  range  the  experimental  headband  produced  approximately  2-3dB  more  attenuation  than 
the  standard  headband. 

In  all  cases  the  standard  deviations  were  somewhat  greater  than  those  obtained  in 
earlier  work  on  Mk  ^  helmet  earmuli’s",  but  were  similar  to  the  standard  deviations  found 
in  similar  tests  on  the  same  type  of  hearing  protectors^. 

A. 4  Cone  1  us  ions 

The  attenuation  spectra  of  a  pair  of  commercially  available  hearing  protector  ear- 
mutts  have  been  measured  by  semi-ob jec L i ve  methods  using  15  subjects.  The  earmuffs  were 
mounted  on  their  standard  headband  and  also  on  the  experimental  headband.  The  results 
showed  no  statistically  significant  differences  between  the  measured  attenuation  spectra. 

It  may  therefore  be  concluded  that  measurements  of  earmuff  attenuation  made  using 
the  experimental  headband  produce  data  that  are  comparable  with  those  wThich  would  be 
obtained  it  the  headband  designed  for  the  earmuffs  were  used.  For  purposes  of  comparing 
t light  helmet  earmuffs,  the  experimental  headband  appears  to  produce  valid  experimental 
data. 
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Fig  A3  Comparison  between  the  mean  attenuation  spectra 
for  the  two  headbands 
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g  5  Mean  attenuation  spectra  for  earmuffs  B,  measured 
by  objective  methods 
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Fig  8  Comparison  of  mean  attenuation  spectra  for  earmuffs  C,  with 
Ref  2,  measured  by  objective  methods 
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Fig  13  Comparison  of  mean  attenuation  spectra  for  earmuffs  C 
with  Ref  2,  measured  by  semi-objective  methods 
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